Localized juvenile periodontitis (LJP) is characterized by severe, early-onset, molar and incisor bone loss; neutrophil chemotaxis disorders; and a high prevalence ofActinobacillus actinomycetemcomitans infection. LJP is further characterized by significant familial aggregation of the disease. Recent work in our laboratory has demonstrated the selective depletion of a surface glycoprotein of 110,000 Mr (GP110) from LJP neutrophils by using surface labeling with ['4C]formaldehyde and autofluorography. The function of GP110 is unknown; however, it does not appear to be a chemotactic factor receptor. Rather, it is bound by a monoclonal antibody (NCD-1) that recognizes a neutrophil differentiation antigen and which itself alters neutrophil chemotactic and secreting functions. To quantify GP110 on LJP and normal neutrophils, fluorescein-labeled NCD-1 was bound to neutrophils and the amount of fluorescence was evaluated by using cytofluorography. Our results indicate that there is a quantifiable reduction (40%) of GP110 on the surface of LJP and GJP neutrophils, compared with controls. Other patients with neutrophil defects express normal quantities of GP110, suggesting disease specificity. Our data suggest that GP110 may be a useful disease marker for LJP and may provide a useful probe for the study of neutrophil chemotactic function and dysfunction.
Most patients with abnormalities of neutrophil chemotaxis have abnormal cellular responses. These abnormalities can be classified in terms of functional defects of adherence, deformability, random migration, chemokinesis, or chemotaxis (11) . In certain cases, the abnormality has been defined in terms of a specific biochemical defect (10).
Localized juvenile periodontitis (LJP) is a disease of the supporting structures of the teeth characterized by rapid, early-onset alveolar bone loss localized to first molars and incisors (2) . Typically, 70 to 80% of LJP patients demonstrate an associated defect of neutrophil chemotaxis (3, 4, 15, 22) . There is a significant familial aggregation of LJP and associated neutrophil abnormalities (12) , and the chemotaxis disorder typically precedes the disease and remains after treatment of the clinical condition (19, 22) . Investigation of the molecular basis of the neutrophil defect in LJP revealed a decrease in the number of available receptors for the chemotactic peptides C5a and N-formylmethionylleucylphenylalanine (FMLP) (11, 12) .
In this study, we report the investigation of the surface protein composition of LJP neutrophils as compared with that of normal controls. Generalized juvenile periodontitis (GJP) patients exhibiting neutrophil chemotactic abnormalities were evaluated as well. Our results indicate a selective depletion of a surface glycoprotein of 108,000 to 110,000 daltons (GP110) specifically in LJP and GJP patients with neutrophil chemotactic abnormalities but not in other patients with chemotaxis dysfunction. A monoclonal antibody to this glycoprotein has been produced (6) and has been used to quantify the expression of protein on the neutrophil surface. Our data suggest that GP110 may be a useful disease marker for LJP and may provide a useful probe for the study of neutrophil chemotactic function and dysfunction. * Neutrophil chemotaxis: isolation of neutrophils and chemotaxis. The chemotaxis assay, as it is done in our laboratory, has been described in detail elsewhere (25) . Briefly, peripheral venous blood was separated by dextran sedimentation and Ficoll-Hypaque centrifugation. Care was taken to prevent spontaneous modulation of neutrophil surface components by carefully controlling temperature variables as described by Fearon (27) . This method has the advantage of high membrane yield with minimal disruption of granules. Diisopropylfluorophosphate was used as a protease inhibitor (1) . Enzyme markers for subcellular fractions to determine the purity of membrane preparations were used as previously described. SDS was used to solubilize membrane proteins and glycoprotein. Samples were then subjected to one-dimensional electrophoresis as previously described (14) by using 7.5% gels, in the presence and absence of 2-mercaptoethanol. Molecular-weight standards were prepared and calculated by the method of Weber and Osborn (26) . Gels were stained with Coomassie blue. Autofluorography was done as previously described.
Quantification (20, 21) . Briefly, the gel and membrane were sandwiched between Scotch-Brite pads in a Bio-Rad Transblot System (Bio-Rad Laboratories, Richmond, Calif.). The system was run for 4 h at 4°C to 0.35 A by using a transfer buffer of 25 mM Tris hydrochloride-12 mM glycine at pH 8.3 with 20% methanol. At the end of the transfer run, the membrane was removed and cut in half. Part of the wet membrane was stained for protein with 0.2% Coomassie R-250 in 40% methanol and 10% acetic acid for 10 min and then destained with successive rinses of 90% methanol-2% acetic acid solution. The other half was placed in a plastic dish and washed for 10 min with Tween-Trisbuffered saline (TTBS) consisting of 20 mM Tris, 150 mM NaCI, pH 7.5, and 0.05% Tween 20. Unsaturated sites on the memnbrane were blocked with a 3% gelatin-TTBS solution for 30 min with slow shaking at 37°C and then rinsed twice for 10 min with TTBS. A 1:100 dilution of the first antibody (NCD-1) was added in 1% gelatin-TTBS, incubated overnight with shaking, and then rinsed twice with TTBS. A 1:2,000 dilution of the second antibody (goat anti-mouse immunoglobulin G-horseradish peroxidase conjugate) was incubated with the membrane for 2 h at room temperature and then rinsed with two 10-min rinses of TTBS. The wet membrane was then developed with diaminobenzidine tetrahydrochloride (50 mg/100 ml of PBS, pH 7.2) plus 30 ,ul of 30% H202 (added just before use) for 10 min or until brown bands appeared. The membrane was rinsed with water to stop the reaction and photographed while wet. Patterns obtained were compared to the Coomassie-stained membrane. The membranes were dried flat and stored in the dark. Membrane preparations from LJP and control neutrophils were run simultaneously.
RESULTS
Neutrophil chemotaxis. The chemotactic response of peripheral blood neutrophils was measured in the Boyden chamber assay by using endotoxin-activated serum and FMLP as chemoattractants. Each patient was compared to a healthy control for each test, and all patients were tested at least two times on different days. Twelve of the LJP patients demonstrated depressed chemotaxis, and four exhibited normal chemotaxis. Three patients with a history of recurrent infections exhibited depressed chemotaxis, as did three diabetic patients and five patients with GJP ( (Fig. 1) . This observation was confirmed by densitometric scanning ( Fig. 2; Table 2 ). Fig. 3 in membrane preparations from a control patient and an LJP patient. NCD-1 bound only to a protein band of similar migrating properties to the glycoprotein depleted on LJP neutrophils. Further, in LJP membrane preparations, the GP110 band stained with less intensity.
Quantification of GP110 with NCD-1. The amount of NCD-1 expressed on the surface of peripheral blood neutrophils from all patient groups was quantified by cytofluorography, by using median channel number to quantify Fig. 1 were done by using an LKB Laser densitometer. The LJP and control lanes were identical except for the region of 110,000 daltons. Peak values from densitometric gel scans of LJP and control membrane preparations were compared by using bands of equal intensity as a standard. The 200K (200,000-molecular-weight) bands from LJP and control preparations were identical; therefore, other peak values are expressed as the ratio of peak height to reference peak height (see Table 2 ). The 110K band is markedly reduced in the LJP preparation. Other major bands show slight variation; 90K is decreased in LJP, 80K is identical, and 50K is increased in LJP. The ratios of major bands to band 110K are indicated in Table 2 , demonstrating the relative reduction of GP110 in LJP. fluorescence. Two dilutions of antibody were used. The results of these experiments appear in Table 3 . The quantity of GP110 expressed on the surface of neutrophils of LJP patients with chemotactic defects was significantly lower than that of normal (determined by analysis of variance). Likewise, the neutrophils from GJP patients with chemotactic defects expressed significantly less GP110. LJP patients without chemotactic defects did not exhibit a reduction of GP110 expression, nor did any of the other patients exhibiting neutrophil chemotactic defects. Additionally, expression of other defined receptors (C3b, iC3b) on the surface of LJP neutrophils was normal (Table 4) on neutrophils in which NCD-1 expression was reduced.
Experiments were done to control for degranulation of neutrophils as a result of isolation technique and cell manipulation. In these experiments, blood was placed on ice immediately after collection and all isolation procedures were done at 4°C. At 4°C, the median channel number value for saturation of NCD-1 binding was 41.1 ± 3.7. At 22°C, the In a separate set of experiments, the inhibition of chemotaxis by NCD-1 was evaluated. It has been previously reported that NCD-1 inhibits normal neutrophil chemotaxis to FMLP and C5a (5). In these experiments, the inhibition of LJP chemotaxis by NCD-1 was evaluated. Dose-response experiments (Fig. 4) revealed that LJP neutrophils were not inhibited by NCD-1 at concentrations up to 10 pug.
DISCUSSION
The data reported in this paper correlate the reduced expression of an antigenic determinant on the surface of neutrophils with a disease state in which neutrophil function is impaired. In a previous study (21) , it was demonstrated that the antigenic determinant is a differentiation antigen closely linked to the cellular function of chemotaxis. Interestingly, of all the patients with neutrophil chemotactic abnormalities examined, only patients with juvenile periodontitis (localized or generalized) exhibited reduced expression of this surface protein.
The assessment of surface proteins on SDS-polyacrylamide gels by densitometry is difficult and, at best, semiquantitative. For this reason, fluorescein-labeled monoclonal antibody to the glycoprotein and cytofluorography were used. The densitometric patterns for controls were qualitatively reproducible from subject to subject and day to day, as were the SDS-polyacrylamide gels (Fig. 1) . LJP patterns were similarly reproducible between patients. Patterns similar to LJP were also obtained with the GJP patients. The LJP patients with normal neutrophil chemotaxis, however, did not exhibit a depletion at 110,000 daltons and were indistinguishable from controls. The data suggest a correlation between GP110 depletion and functional abnormalities. These observations were further supported by immunoblot experiments as illustrated in Fig. 3 . NCD-1 monoclonal antibody to GP110 is observed to produce a diminished band for the LJP patient neutrophil preparation.
Clinical data and in vitro neutrophil observations have suggested that the neutrophil abnormalities in LJP are genetically determined and inherited (12) . This hypothesis is further supported by the data presented here and elsewhere in that the observation of defective chemotaxis and GP110 depletion was found to be independent of patient age and clinical status. Furthermore, the similar findings in LJP and GJP support the concept of a close relationship of the pathogenesis of two distinct clinical conditions.
The leukocyte function antigen glycoprotein complex has been described as an integral requirement for adherence and the functional integrity of neutrophils, including chemotaxis (8, (16) (17) (18) Lack of binding of a ligand to the surface of a cell (whether antibody or chemotactic peptide) does not a priori mean that the protein is not expressed on the cell. Other possibilities, including blocking of receptors or cryptic receptors, degradation of the ligand, altered spatial relationships of receptors with other surface components within the plane of the membrane, and absence of the protein from the cell surface, must be considered. It is clear from the study of chemotactic receptors and other surface proteins exposed on the LJP neutrophil that the LJP neutrophil differs in many ways from the normal neutrophil. The selective depletion of a differentiation antigen recognized by the monoclonal antibody NCD-1 provides insight into the possible mechanism for these differences. It is not clear what the function of this antigen is. However, based upon studies of the neutrophil precursor cell line, HL-60 (21), the cumulative data would suggest an error in stem cell maturation in the LJP patient. This concept is further supported by the observation that there is no internalization of GP110 during phagocytosis (21) .
In conclusion, the LJP neutrophil and NCD-1 continue to be useful probes for the examination of the mechanisms of neutrophil function. Studies are currently under way to determine the efficacy of NCD-1 for the epidemiologic screening of patients at risk for development of LJP. Finally, the biochemical and biological characteristics of P110 expression on LJP neutrophils will be elucidated to further characterize the molecular basis of neutrophil chemotaxis depression in LJP.
